Introduction
It has already been found that the minerals in a clay slurry could firmly adhere to cotton fibers, and the smaller the size was of the clay particles constituting the slurry, the better was the coloration [1] [2] [3] . Smectite would be able to adhere to cotton fibers, as it is a component of clay minerals and very fine in its dimensions. Cationic dyes are intercalated in the smectite layers. Smectite is ion-exchangeable owing to the net negative charge, and cationic materials can be inserted between its layers. Several studies have been reported on intercalated dye pigments for printing ink. The stability of the suspension for printing ink was improved by coating with anionic polymer the nano-pigments that had been prepared by intercalating a cationic dye and synthetic laponite [4] [5] [6] [7] [8] [9] . It is already known that the washing fastness and light fastness of cationic dyed silk are not high, and that cotton fibers colored with cationic dyes have very poor washing fastness. We tested in this present study methods to improve the washing fastness and light fastness by applying pigments of dye-intercalated smectite and posttreating the cationic dyed fabrics with smectite.
Experimental

Materials
Raw smectite clay (abbreviated to S and 8.17 μm in average particle diameter) and refined smectite (abbreviated to S" and 1.43 μm in average particle diameter) were used in this study. The smectite, which had been collected in the Odo area, was obtained from Kurosaki Hakudo Ind. Co., Ltd. The compositions of the S and S" samples analyzed by SQX are shown in Table 1 .
The cationic dyes of special reagent grade (Wako Chemicals) that were used were Berberine chloride nhydrate (abbreviated as Be), Methylene blue trihydrate (abbreviated as Me), Rhodamine B (abbreviated as Rh) and Crystal violet (abbreviated as Cry), and were used without further purification.
The fabric samples were cotton (plain woven #2023, Kanebo), wool (muslin, Nakao Filter) and silk (fuji silk, Kanebo) which were scored and bleached without any optical brightener.
Deionized and millipore-filtered water was used.
Preparation of the pigments of dyeintercalated smectite (PDS)
Clay slurry (85g) containing 20g (CEC 50meq/100g) of raw clay smectite was added to 215 g of water at 70°C (liquid a).
10mmol of each cationic dye was dissolved into 200 g of de-ionized water at 70°C (liquid b).
Liquid b was slowly dropped into liquid a at 70°C for 30 minutes, and then the reactant was stirred at 300 rpm for one hour at 70°C.
The obtained substance was passed through no. Abstract: Two processes were tested for improving the washing and light fastness of cationic dyeing. The first method was to make pigments by intercalating the cationic dye into smectite and the second was post-treating the cationic dyed fabric with smectite. It was found that the coloration with pigments of dye-intercalated smectite was not as deep as dyeing cotton, silk and wool with a cationic dye, although the washing fastness was improved. Post-treating the cationic dyed cotton, silk and wool fabrics with smectite achieved a considerably deeper color and greatly improved the washing fastness. The depth of coloration of the post-treated fabrics depended on the particle diameter of the smectite used. The low light fastness of cationic dyed natural fibers could be considerably improved by intercalating the dye into smectite or post-treating the dyed fiber with smectite.
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Note cellulose filter paper. The resulting precipitate was washed twice at 50 -70°C and then three times at room temperature, each with 100 ml of water. The substance was dried for 24 hours at 35°C and then ground with a mortar and pestle.
Coloring and finishing methods for the three fabric samples
Dyeing with the cationic dyes (method A) : The three kinds of fabric were each dyed with 2% owf of the four dyes in a liquor ratio of 1 : 50 at 80°C for 60 minutes with 100 rpm agitation.
Coloring with the pigments of dye-intercalated smectite (method B) : Each fabric sample was treated with 2% owf of the four intercalated dyes under the same conditions as those used for dyeing with the cationic dyes.
Post-treatment of the cationic dyed fabric samples with smectite (method C) : Each fabric sample was first dyed with each cationic dye under the conditions of method A and then post-treated with smectite. A 1 g amount of each dyed fabric sample was agitated in 100 g of the smectite slurry at 70°C for 30 minutes.
The fabric samples dyed by each method were rinsed three times in 100 ml each of water.
Measurements
The XRD profiles of the smectite, pigments of dyeintercalated smectite and fabrics dyed by methods A, B and C were measured by a MultiFlex powder X-ray diffractometer (Rigaku Co.).
The interlayer distance, d001, of lattice plane is found by the next Eq. (1) derived from the Bragg's equation : nλ = 2d sin θ. d001 = 1.54056 Å / 2 sin θ
And the interlayer space ILS was calculated by the Eq. (2)
where d001 is the interlayer distance of smectite with dye or/and water and 9.3 Å is the theoretical thickness of a smectite layer. The color yield of each dyed fabric sample was determined by K/S calculated by Kubelka-Munk equation (3) from the average reflectance spectrum measured by a Shimadzu UV-240 instrument at 190 -800 nm :
Where K is the absorption coefficient, S is the scattering coefficient, and R is the reflection coefficient. L*a*b*(CIE 1976) chromaticity values were determined by using NF777. 
Color fastness test to washing and light exposure
Results and discussion
Evaluation of the pigments of dyeintercalated smectite (PDS) by an XRD analysis
The four pigments of dye-intercalated smectite (PDS) and the raw smectite (S and SII) were analyzed by XRD and the values of the interlayer distance d001 were calculated (Fig.1) . The interlayer space ILS of these PDS types measured in the slightly moist condition was in the range 5.7 -10 Å, and the ILS values for S and SII were 6.1 Å and 6.5 Å.
It is considered that the cationic dyes had entered to between the smectite layers, indicating that the intercalation had been successfully carried out. Table 1 Elementary composition of raw clay smectite (S) and refined smectite (SII) analyzed by X-ray fluorescence (SQX).
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B and C are shown in Fig. 2 .
Characteristics of the coloring and washing fastness of the fabrics by methods A, B and C
As no spectral change has occur before and after washing the fabrics treated by the three methods with cationic dyes Me and Be, the K/S values measured at 400 nm are shown in Fig.3 . The coloration with the cationic dyes of cotton fabric by method A was apparently quite successful, although the washing resistance was extremely low. The effect was satisfactory on the washing fastness but not on the coloration of cotton fabric dyed by method B with the pigments of dyeintercalated smectite (PDS).
On the other hand, method C, by which the cotton fabric at first dyed by method A and then post-treated with smectite gave good results for both coloring and washing fastness. The smectite particle size also affected the coloration of cotton fabric, the smaller the particle diameter, the better the coloration ((K/S )S < (K/S )SII).
Similar results were found for the other two kinds of cationic dye (Fig. 4) , and the enhanced effects by posttreating the dyed fabrics with smectite were found with the silk and wool samples as well as with the cotton Fig. 3 Comparison of the (K/S )400 values before and after washing the cotton fabrics colored with two cationic dyes by the three methods. samples (Fig. 5) . It is not clear at present whether the post-treatment with smectite improved the washing fastness simply by intercalation or by the coating effect.
3.4 Light fastness of the fabrics colored by the three methods 
Mechanism of action for method C
The respective ILS values for the fabric samples treated with smectite and Me by methods B and C were 4.4 Å and 3.8 Å in the absolutely dry condition. The ILS value for smectite alone without a cationic dye was 0.3 Å in the same state. Since the ILS value by method C is close to that for method B, it seems that the cationic dye was partly intercalated between the smectite layers by method C.
Conclusions
The pigments of dye-intercalated smectite (PDS) gave weak coloration to the cotton fabric sample by method B, but good fastness to washing. A deep color and good fastness to washing and light exposure were given by a post-treatment with smectite of cationic-dyed cotton, silk and wool fabrics by method C. The depth of color of the fabric samples dyed with cationic dyes and then post-treated with smectite depended on the particle size and/or the purity of the smectite used.
